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ABSTRACT
Fourteen experiments, conducted at varying times during 
an eight year period from 1981 through 1988 were designed to 
investigate plant growth regulators (PGRs) for their 
potential benefits in the production and maintenance of warm 
season turfgrasses. Turfgrass species evaluated over the 
eight year period, but not necessarily every year, included: 
common bermudagrass (Cvnodon dactvlon L.), bahiagrass 
(Paspalum notatum Flugge), carpetgrass (Axonopus affinis 
Chase.), centipedegrass (Eremochloa ophiuroides (Munro) 
Hack.], St. Augustinegrass rStenotaphrum secundatum (Walt.) 
Kuntze], and zoysiagrass (Zovsia iaponica Steud.). The 
chemicals evaluated included: N-2,4-dimethyl-5-
(trifluormethyl)-sulfonyl-aminophenylacetamide (mefluidide); 
a-(1-methylethyl)-a-[4-(trifluoromethoxy)-phenyl]-5- 
pyrimidenemethanol (flurprimidol); N-[(acetylamino)methyl]- 
2-chloro-N-(2,6-diethylphenyl)acetamide (amidochlor); N- 
(phosphonomethyl)glycine (glyphosate); 3-7-dichloro-8- 
quinoline-carboxylic acid (quinclorac); 2-[l-(ethotymine)- 
butyl]-5-[2-(ethylthio)-propyl]-3-hydroty-2-cyclohexene-l- 
one (sethoxydim); 2-[[[[(4,6-dimethyl-2- 
pyrimidinyl)amino]carbonyl]amino]sulfonyl]benzoic acid 
(sulfometuron); b-(Cyclohexylmethylene)-a-(l,l- 
dimethylethyl)-lH-l,2,4-triazole(C.A.) (BAY RSW 0411); and
vii
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(2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-lH- 
imidazol-2-yl]-3-pyridinecarboxylic acid (imazapyr).
Data collected included: turf injury, color, leaf
growth reduction, leaf density reduction, and seedhead 
inhibition.
This research has shown that most of the PGRs tested 
are effective in regulating the growth of one or more warm 
season turfgrass species. Sethoxydim and sulfometuron have 
shown species selectivity to centipedegrass. Bahiagrass 
seedheads were effectively suppressed with sequential 
applications of glyphosate and sethoxydim controlled seed­
heads in carpetgrass. Mefluidide provided the most 
consistent PGR effects with the species used.
More research is needed to determine optimum rates and 
application timing for each turf species. Tank-mix 
combinations also need to be explored for improved efficacy.
viii
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INTRODUCTION
In a survey to find out which of 26 items the public 
considered most important to their happiness, 56% of those 
answering indicated "green grass and trees around me" (62). 
The Gallup Organization disclosed from a poll taken in 1985 
that more American households are involved in lawn and 
garden activities than ever before in the history of the 
United States (2). Total turfgrass area in the United 
States is estimated to be 10,117,500 to 12,141,000 hectares 
(25,000,000 to 30,000,000 acres) with 81% being lawns. 
Municipal, county, and city parks have close to 404,700 
hectares (1,000,000 acres) of turf (46). A leading turf 
trade magazine found that over 25,748,310 kilometers 
(16,000,000 miles) of rights-of-way are being managed by 
their readers (3).
People want the benefits of lawns, parks, playgrounds, 
and athletic fields and are willing to support them finan­
cially (7). Turfgrass is considered a $30 billion plus per 
year industry in the United States alone, and it is esti­
mated that more than one-half million people make their 
living directly from the care and maintenance of turf 
(8,27). A well-maintained lawn adds real monetary value to 
property. Homeowners realize the investment in their lawns 
and landscape is as good as or better than other types of 
home improvements (61). Appraisers estimate at least a 7%
1
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increase in appraised value of residential property and an 
added 6% to commercial property with improved lawns (26).
The many functional benefits of turfgrasses to man and 
his environment are often overlooked. Scenic roadsides, 
rest stops, parks, cemeteries, lawns, etc. are all conducive 
to good health as they provide settings that create feelings 
of happiness, serenity, privacy, thoughtfulness, and a sense 
of well-being (33,53,55). Grasses, as well as other 
ornamentals, reduce noise levels by 20 - 30% (48). Turf 
acts as a sound absorber while hard surfaces may even 
amplify sound (49). Plants can play an important role in 
controlling climate. Grassed surfaces reduce temperature 
extremes by absorbing the sun's heat during the day and 
releasing it slowly at night, cooling itself and its sur­
roundings by evapo-transpiration (11,24,27,49,53). Well- 
maintained turf provides a soft, green surface which can 
significantly absorb and reduce glare, often making highway 
travel safer (8). Many allergies are reduced by decreased 
amounts of dust, weed pollen, and lower populations of 
stinging and biting insects found in sodded areas (8,46).
Water is essential for the maintenance of all life and 
water quality has never been more focal. The biology of 
turfgrass soils makes lawns a nearly ideal medium for the 
biodegradation of all sorts of environmental contamination 
(46). When turf is dense, it slows the velocity of runoff
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3and allows water to infiltrate and soil microbes to degrade 
potentially hazardous chemicals (58).
Plants absorb gaseous pollutants, such as carbon 
dioxide from vehicles, into their leaves and assimilate them 
to help clean the air (57). A turf area 15.2 x 15.2 meters 
(50 x 50 feet) produces enough oxygen to meet the needs of a 
family of four (27).
Certainly the recreational benefits of turf today 
cannot be disputed. Americans are very sports minded and 
spend billions of dollars annually either actively playing 
or watching sporting events. For every 1,000 people, 
recommendations call for 2.4 hectares (6 acres) of publicly- 
owned land to be maintained for communal recreational 
facilities (15).
There is no need to question the importance of turf to 
our present and future well-being. The value and importance 
of the turfgrass industry will continue to grow as popula­
tion expands, urban development increases, and people have 
more leisure time for outdoor recreational activities and 
lawn care. With this expansion, the turfgrass micro­
environment will become even more complex, and it will be 
imperative that researchers continue to accumulate data that 
will help meet our turf demands.
Plant growth regulators (PGRs) will become an important 
aspect of future turfgrass production and maintenance. A 
sampling of members attending the 1986 International Vege­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4tation Management Association meeting said they are now 
using a plant growth regulator or will be in the future. 
These members believe plant growth regulators have a major 
growth potential for the industry (4). In a review of the 
horticultural program of the Louisiana Agricultural Experi­
ment Station, comments by the Cooperative State Research 
Service Review Team included, " . . .  research in growth 
control of grasses through understanding the basic growth 
mechanisms has spin-off value for all segments of horticul­
ture . . . 1 (13) .
Growth enhancers, shoot reducers, seedhead inhibitors, etc. 
may all have a niche in the overall production and main­
tenance of horticultural crops, especially turfgrasses (59). 
An exclusive survey conducted by a major turf maintenance 
magazine found that the average employee charged with high­
way rights-of-way maintenance has to maintain 43 kilometers 
(27 miles) of rights-of-way (3). In answering a question 
concerning the future of rights-of-way maintenance, 
participants mentioned a wider use of plant growth regu­
lators. Industry experts predicted a 10-fold increase in 
the use of PGRs in 10 years (3).
Plant growth regulating chemicals may soon become the 
greatest maintenance tool in turf management since the 
development of the power mower. In a cost comparison 
analysis of chemical mowing vs. mechanical mowing, 3M Com­
pany estimated that if mowing mechanically is necessary more
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5than twice in an 8 week period, then chemical mowing would 
become less expensive (42).
The purpose of this dissertation study is to evaluate 
plant growth regulators for their potential benefits in the 
production and maintenance of warm season turfgrasses. The 
most desirable characteristics of PGRs are vertical shoot 
reduction and seedhead inhibition. Turf stand density and 
color must be retained or improved, and turf injury must be 
minimal.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
REVIEW OF LITERATURE
THE TURFGRASSES
The grass family, Poaceae, is one of the most important 
in the plant kingdom with over 5,000 species distributed 
worldwide. Of these, less than 30 are of major importance 
in turfgrass culture (7). Decker and Decker (16) listed 
several important features of grasses that are used as 
turfgrasses. These include: the ability to grow in dense
populations; tolerance to wear, tear, and frequent mowing; 
resistance to pests and extremes of temperature; a low 
growth habit; and the ability to cover quickly and knit 
tightly.
The geographical distribution and utilization of turf­
grasses are influenced by the temperature and precipitation 
patterns of a given region. The turfgrass subfamily, 
festucoid. contains bluegrasses (Poa L.), bentgrasses 
(Agrostis L.), fescues (Festuca L.), and ryegrasses (Lolium 
L.), which are commonly grown in the cooler climatic 
regions. The turfgrasses, panicoid. grown in warmer, humid 
and subhumid regions include bermudagrasses (Cvnodon L. C. 
Rich), bahiagrass (Paspalum notatum Flugge.), centipedegrass 
fEremochloa ophiuroides (Munro.) Hack.], carpetgrass 
(Axonopus Beauv.), St. Augustinegrass rStenotaphrum 
secundatum (Walt.) Kuntze], and zoysiagrasses (Zovsia 
Willd.) (7,16,24).
6
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Physiological differences are also correlated with 
these subfamilies as the panicoid grasses are typically C4 
plants capable of much greater efficiency in manufacturing, 
translocating, and assimilating food materials under high 
temperatures and light conditions (16).
The distinctive growth habits of turfgrasses also 
distinguish them from most other plants. Grasses have 
pronounced meristem activity in the bases of their 
internodes and leaf sheaths which allow for recovery after 
mowing (7,16,24). Stolons and rhizomes are lateral stems 
which elongate horizontally from the crown of the parent 
plant enabling the plant to enlarge. Culms are erect stems 
elongating close to the ground at the plant crown, which 
eventually flower and produce seedheads at the top if not 
mowed. Tillers are new vertical shoots developing from the 
crown which increase density (7,16,24). Tillers are par­
ticularly important to tufted turfgrasses that do not have 
stolons and rhizomes.
Common Bermudagrass (Cynodon dactvlon L.) is the most 
widely grown turfgrass in the southern United States, having 
been introduced from Africa sometime in the mid-1700's. 
Bermudagrass grows on a wide range of soils and has good 
drought tolerance. It has a fine texture with good wear 
tolerance, but lacks shade tolerance and requires full sun. 
Bermudagrass spreads rapidly by aggressive stolons and 
rhizomes. Desirable mowing height is 1.9 - 3.8 centimeters
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8(0.75 - 1.5 inches), and weekly mowings are required to 
reduce excessive seedheads. Bermudagrass becomes dormant 
when soil temperatures remain below 15.5C (60F), turning 
off-color and brown after frost. Common bermudagrass can be 
established vegetatively or from seed (7,16,24).
Bahiagrass (Paspalum notatum Flugge), a native to South 
America, was introduced into the United States from Brazil. 
It grows on a wide range of soils and tolerates poor soils. 
Bahiagrass forms a very coarse-textured, fairly open, erect 
growing, tough turf that is well suited for low intensity 
use areas such as roadsides, airfields, etc. Bahiagrass 
spreads slowly by short flat stolons and rhizomes, giving it 
a somewhat tufted appearance. Propagation is primarily by 
seed, as bahiagrass is a prolific seed producer with very 
objectionable seedheads that are very susceptible to ergot. 
Preferred mowing height is 3.8 - 7.6 centimeters (1.5 - 3.0 
inches) with frequent mowing necessary to reduce the tall, 
wiry seed stalks (7,16,24).
Carpetgrass (Axonopus affinis Chase.) is a native of 
the West Indies and south Central America. Carpetgrass 
forms a coarse-textured, fairly dense, low growing turf with 
wide, blunt-tipped leaves of light green color and spreads 
by seed and by stolons that root readily at the nodes. It 
is best adapted to acidic, infertile, moist soils and is 
tolerant to partial shade, but has poor drought and wear 
tolerance. Carpetgrass is attractive as a turfgrass for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9low-intensity culture since it is fairly easy to establish. 
The vertical shoot growth of the leaf blade is slow, but 
seedheads elongate above the leaves. Mowing heights for 
lawns are 2.5 - 5.0 centimeters (1.0 - 2.0 inches) with 
weekly mowing necessary to remove the tall, unsightly seed­
heads (7,16,24).
Centipedegrass rEremochloa oohiuroides (Munro) Hack.] 
is a native of southern China and was introduced into the 
United States in the early 1900's. It has a medium-coarse 
texture, light green color, and is slow growing. Centipede­
grass will form a dense mat, which is very competitive with 
weeds and other turfgrasses, on short thick leafy stolons. 
Establishment can be by seeds or vegetative sprigs, plugs, 
or sod. Seedheads are not an objectional characteristic, if 
mowed periodically. Mowing height for lawn use should be
2.5 - 5.0 centimeters (1.0 - 2.0 inches). Centipedegrass 
does well on well-drained acidic soils with low fertility.
In fact, heavy fertilization may be detrimental to 
centipedegrass. It has fair to good shade tolerance but 
very poor wear tolerance. Centipedegrass will turn a dull 
brown color after frost and will remain dormant throughout 
the winter (7,16,24).
St. Augustinegrass [Stenotaphrum secundatum (Walt.) 
Kuntze] is native to the West Indies, but has naturalized in 
many southern seashore environments. The lack of cold 
hardiness has limited the range of St. Augustinegrass in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
United States to mainly the Gulf Coast region. Heavy frosts 
and low temperatures will turn its attractive blue-green 
color brown throughout the winter. St. Augustinegrass can, 
however, and often does remain green all year in the most 
southern areas. St. Augustinegrass is propagated primarily 
by vegetative means such as sprigs, plugs, or sod. The 
stolons are quite large, flat, and aggressive and have very 
coarse leaf blades. St. Augustinegrass tolerates a wide 
range of soil types, and does well on moist organic soils 
with a pH of 6.5 - 7.0. It has good shade and salt 
tolerance, but only fair wear tolerance. A cutting height 
of 3.8 - 6.4 centimeters (1.5 - 2.5 inches) is preferred for 
lawns. Thatching and diseases can become serious problems 
under heavy fertility regimes (7,16,24).
Zoysiagrass (Zovsia iaoonica Steud.) is a native of 
eastern Asia. Establishment is slow from crowns, stolons, 
and rhizomes. Once established, however, zoysiagrass sod is 
very dense and fine to medium-textured. It wears very well 
and has good shade and drought tolerance. Zoysiagrass has 
the best low-temperature tolerance of all warm season 
grasses, but does turn straw brown after a heavy frost and 
will remain dormant if average daily temperatures remain 
below 10C (50F). Zoysiagrass requires medium to high main­
tenance with mowing heights of 1.3 - 3.8 centimeters (0.5 -
1.5 inches). A well-sharpened reel mower is needed to 
achieve a quality cut on the stiff, upright, tough leaf
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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blades. Thatch can become a serious problem in established 
turf (7,16,24).
THE PLANT GROWTH REGULATORS
Plant growth regulators are defined by Nickel1 (42) as 
"either natural or synthetic compounds that are applied 
directly to a target plant to alter its life processes or 
its structure to improve quality, increase yields, or 
facilitate harvesting". Roberts and Hooley (47) describe 
them as "a population of endogenous molecules and synthetic 
compounds of similar structure that are believed to play 
important roles in the regulation of plant differentiation 
and development" Growth retardant is a term more closely 
associated with growth management of turfgrasses. Cathey 
(12) used this term to define chemicals that slow cell 
division and cell elongation in shoot tissues and regulate 
plant height. Dicks (17) identified plant growth retardants 
as "synthetic, organic compounds which, when applied to a 
responsive plant, reduce the rate of stem elongation by 
inhibiting subapical meristem activity, normally without 
exerting substantial effects on leaf production and develop­
ment or inducing other growth malformations".
Nickell (42) mentioned two principal methods of 
chemical control of grass growth - reduced cell division in 
the meristematic regions and reduced cell elongation. Street 
(56) stated that the ideal growth regulator should inhibit 
leaf expansion with little effect on other meristematic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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activity. Daniel and Freeborg (14) describe the ideal turf 
regulator as "one that would retard vertical leaf growth 
but permit active growth of roots, rhizomes, tillers, and 
horizontal leaf growth". The inhibition of seedheads would 
also be of value in many situations.
Kaufmann (31) classified turf regulators by type and 
defined growth as the irreversible enlargement in the size 
of an organism, and development as the transformation of 
apparently identical cells into diversified cells and plant 
organs. His Type I regulators suppress and/or inhibit both 
growth and development. This would include seedheads as 
they are a sequence of development.
Kaufmann also defines inhibitors as compounds which 
usually stop growth immediately whereas suppressors permit 
some growth to occur. Type II regulators are those that 
suppress only growth. The development sequences continue 
but the organs may develop in miniature.
The third type of regulators Kaufmann described are 
Herbicide Type I regulators, which are primarily used as 
herbicides, but can inhibit or kill grass growth and 
development depending on rates. These have a narrow margin 
of safety on cool season grasses and are used more widely on 
warm season turfgrasses (31).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Mefluidide1 (Embark) N-2,4-dimethyl-5- 
(trifluoromethyl)-sulfonyl-aminophenylacetamide is a plant 
growth regulator/herbicide that has shown activity as a 
growth retarder and seedhead suppressor of grasses. It is 
formulated as a diethanolamine salt solution containing 240 
grams per liter (2.0 pounds per gallon) of active 
ingredient. The basic producer is 3M Agricultural Products, 
but it is marketed for turfgrass uses as Embark by 
PBI/Gordon Corporation. Embark is absorbed by the leaves at 
the time of application and does not translocate significan­
tly to other areas of the plant. It should be applied to 
actively growing turfgrasses (25,31,41,42,43).
Flurprimidol2 (EL-500, Cutless) a-(1-methylethyl)-a- 
[4-(trifluoromethoxy)-phenyl]-5-pyrimidenemethanol is a 
growth suppressor type compound produced by Elanco Products 
Company as a 50% wettable powder. Cutless reduces internode 
and leaf elongation in cool and warm season turfgrasses. It 
should be uniformly applied to actively growing turf and 
watered into the soil with 1.3 centimeters (0.5 inch) of 
water within 24 hours after application (31,34).
Amidochlor3 (MON-4521, Limit) N-[(acetylamino)methyl]- 
2-chloro-N-(2,6-diethylphenyl)acetamide is a turf regulator
^BI/Gordon Corporation, Kansas City, MO.
2Elanco Products Company, Indianapolis, IN.
3Monsanto Agricultural Products Company, St. Louis, MO.
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that reduces vegetative growth for approximately 6 weeks. 
MON-4621 acts as a growth suppressor initially as it allows 
some growth immediately after application before finally 
inhibiting growth. Seedheads are suppressed on many cool 
season turfgrass species but are not effectively suppressed 
on warm season turfgrasses. Preliminary data indicate 
absorption is by surface roots, with movement quickly into 
the plant to concentrate its effects on the shoot apex.
MON-4 621 is formulated by Monsanto Agricultural Products 
Company as a sprayable liquid containing 480 grams per liter 
(4.0 pounds per gallon) of active ingredient. Moderate 
rainfall or irrigation should occur within 5 days of 
application to move MON-4621 into the root zone 
(31,32,37,38).
Glyphosate1 (Roundup) N-(phosphonomethyl)glycine is a 
plant growth regulator/herbicide that suppresses growth of 
grasses when used at low rates. At higher rates, it becomes 
a non-selective herbicide. Roundup is formulated by 
Monsanto Agricultural Products Company as an isopropylamine 
salt solution containing 480 grams per liter (4.0 pounds per 
gallon) of active ingredient. Foliar absorption is 
necessary for activity that retards growth and seedhead 
development. Overdoses can easily kill desirable turf (31, 
32,39) .
Monsanto Agricultural Products Company, St. Louis, MO.
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Quinclorac1 (BAS-514, Facet) 3-7-dichloro-8-quinoline- 
carboxylic acid is a 50% wettable powder formulated 
herbicide manufactured by BASF Corporation. Primary 
research is being directed toward weed control in rice 
(Orysa sativa L.); however, there is interest by the 
manufacturer in evaluating its plant growth regulating 
potentials in turfgrasses. BAS-514 appears to have foliar 
and root uptake (5,21).
Sethoxydim2 (Poast) 2-[l-(ethotyimine)-butyl]-5-[2- 
(ethylthio)-propyl]-3-hydroty-2-cyclohexene-l-one is a herb­
icide-type growth regulator having post-emerge herbicidal 
activity on most grass species. Poast does have a use label 
for grassy weed control in centipedegrass turf and for 
suppression of growth and seedhead development of low-main- 
tenance tall fescue. Poast is manufactured by BASF Corpora­
tion as an emulsifiable concentrate solution containing 180 
grams per liter (1.5 pounds per gallon) of active 
ingredient. Poast rapidly enters grass plants through the 
foliage and translocates to areas of active growth. 
Discoloration of turf may occur and persist for some time. 
Poast does not have activity on broadleaf or sedge species; 
therefore, any grass suppression may enhance broadleaf 
competition. A crop oil concentrate is suggested by the
!BASF Wyandotte Corporation, Parsippany, NJ.
2BASF Wyandotte Corporation, Parsippany, NJ.
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manufacturer to be used with Poast for increased activity 
(6,31,32).
Sulfometuron1 (Oust) 2 — [[[[(4,6-dimethyl-2-pyrimidinyl) 
amino]carbonyl]amino]sulfonyl]benzoic acid is primarily used 
in turfgrasses as a long-residual type herbicide for broad­
leaf control, but does have growth suppression activity.
Oust is presently marketed as a 75% dispersible granule by 
E.I. du Pont de Nemours & Co. (Inc.), Agricultural Products 
Department. Registered label uses include seedhead 
suppression of bahiagrass and crested wheatgrass. Oust is 
absorbed by both the roots and foliage with activity 
progressing rather slowly (22,31,32).
BAY RSW 04112 (RSW-0411) b-(Cyclohexylmethylene)-a- 
(1,1-dimethylethyl)-1H-1,2,4-triazole-l-ethanol(C.A.) is an 
experimental growth regulator produced by Bayer AG, 
Leverkusen, West Germany and is presently formulated as a 
70% wettable granule. The most promising results with RSW- 
0411 in the United States have been obtained on ornamentals, 
but use on turfgrasses is being evaluated. In ornamentals, 
growth regulation response has been a reduction of internode 
elongation. RSW-0411 is absorbed through the foliage and 
roots (36).
XE.I. du Pont de Nemours & Co. (Inc.), Agricultural 
Products Department, Wilmington, DE.
2Mobay Corporation Agricultural Chemicals Division, 
Kansas City, MO.
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Imazapyr1 (Arsenal) (2-[4,5-dihyaro-4-methyl-4-(l- 
methylethyl)-5-oxo-lH-imidazol-2-yl]-3-pyridinecarboxylic 
acid) is produced by American Cyanamid Company as an aqueous 
solution herbicide containing 240 grams per liter (2.0 
pounds per gallon) of active ingredient. It is used 
primarily for grass and broadleaf weeds control in non­
cropland areas. Arsenal is readily absorbed through foliage 
and roots and is rapidly translocated throughout the plant 
with accumulation in the meristematic regions. Treated 
plants stop growing soon after application. Chlorosis and 
necrosis appear in plants over a period of several weeks 
when Arsenal is applied at herbicidal rates (1).
PREVIOUS RESEARCH
Much of the previous research with plant growth 
regulating chemicals on turfgrasses has been done with the 
cool season species. The growth habits of these species are 
more conducive to favorable responses from PGR applications.
Several growth retarding and herbicidal compounds were 
applied to a roadside turf in Pennsylvania by Prinster and 
Warschke (44) to determine their effects on seedhead de­
velopment, vertical foliar growth, and tiller production of 
tall fescue. Glyphosate plus chlorsulfuron and mefluidide 
showed the most potential by effectively suppressing seed-
1American Cyanamid Company, Wayne, NJ.
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head development and foliar growth while causing minimal 
injury and stand loss.
Duell et al. (18) evaluated five PGRs on four 18-month- 
old Kentucky bluegrass cultivars. Mefluidide caused more 
discoloration at 20 days after treatment (DAT) than other 
treatments, but color was much improved at 51 DAT.
Mefluidide was the most effective in controlling seedheads, 
with ACP-2110 being the least effective. Seedhead height 
generally paralleled seedhead numbers.
Bhowmik and Eichenlaub (10) conducted field experiments 
on actively growing Kentucky bluegrass to evaluate growth 
retardant effects of BAS-514, amidochlor, and mefluidide. 
Their results indicate BAS-514 had little growth retardant 
effect on Kentucky bluegrass. Amidochlor treatments gave up 
to 70% seedhead reduction and 47 - 80% growth reduction. 
Mefluidide provided maximum growth suppression (96%) and 
only 55% seedhead suppression. Turf injury was not 
measured.
In field studies by Shoop, Hoefer and Ortego (54), 
flurprimidol reduced turfgrass clippings in a bentgrass 
fairway for up to 11 weeks. Overall turf quality was 
reduced initially, but was not affected 21 DAT.
Lyman et al. (35) applied 10 chemical combinations to a 
predominately tall fescue roadside turf and evaluated them 
for broadleaf weed control, turf color, and turf quality 
over time. At 2 weeks, a mefluidide plus crop oil treatment
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had the best color, but at 9 weeks there was no difference 
in color between any treatments. Turf quality was affected 
by broadleaf weed infestations and mefluidide did not appear 
to suppress broadleaf weeds, therefore quality was no better 
than in untreated plots.
Sawyer and Jagschitz (50) found ACP-2110, mefluidide, 
and amidochlor treatments effective in suppressing growth of 
a 12-year-old red fescue lawn for up to 6 weeks. Seedhead 
suppression ranged from 85% with amidochlor to 99% with 
mefluidide. Turf injury became objectionable during the 
fourth week with mefluidide, but diminished by the sixth 
week. Injury from amidochlor was barely objectionable at 4 
weeks, but became more severe by the sixth week. At 8 
weeks, the PGR-treated plots were rated higher in quality 
than either mowed or unmowed control plots.
Duell et at. (19) compared ACP-2110 to mefluidide and 
amidochlor on a 13-year-old turf of perennial ryegrass and 
Kentucky bluegrass. Mefluidide and amidochlor treatments 
resulted in foliage discoloration at 23 DAT, but by 50 DAT 
turf color was improved. Suppression of Kentucky bluegrass 
seedheads was best with mefluidide. The worst invasion of 
crabgrass was found in mefluidide-treated plots.
Prinster et al. (45) found mefluidide alone and with 
flurprimidol to be effective in suppressing canopy height of 
tall fescue for roadside use. The chemicals did not,
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however, suppress foxtail and broadleaf weeds 
satisfactorily.
Welterlen and Nash (60) studied the effects of MON- 
4621, flurprimidol, and mefluidide on growth, seedhead 
suppression and injury to tall fescue and Kentucky 
bluegrass. Growth response was determined by canopy height 
measurements and clipping weights. Seedhead suppression was 
evaluated by seedhead counts and measurements of seedhead 
height. Visual observations were used to rate turf injury. 
All PGRs reduced canopy height and clipping weights. Growth 
suppression by flurprimidol was delayed but the duration 
effect was longer. Mefluidide suppressed bluegrass seedhead 
density and height more than the other chemicals. Unaccep­
table levels of turfgrass injury for home lawns were caused 
by all treatments.
In a study to evaluate efficacy of PGRs applied to a 
low-maintenance roadside turf of red fescue, bentgrass, and 
bluegrass, Sawyer and Wakefield (52) found mefluidide and 
MON-4621 most effectively suppressed seedheads, whereas, 
combinations of paclobutrazol and flurprimidol with meflui­
dide resulted in the greatest suppression of growth. Color 
was not acceptable for those treatments containing paclo­
butrazol or flurprimidol.
Murray and Klingman (40) reported that mefluidide, 
maleic hydrazide, and flurprimidol all reduced Kentucky
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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bluegrass growth 25 - 40%, with mefluidide-treated plots 
having the greatest reduction followed by flurprimidol.
A Kentucky bluegrass/red fescue turf was treated in 
mid-summer by Hurto (28) with EL-500 and mefluidide to eval­
uate growth retardation and turfgrass injury. All treat­
ments suppressed shoot growth but differed in extent of 
injury. High rates of EL-500 caused unacceptable injury. 
EL-500 provided longer periods of suppression than meflui­
dide, but mefluidide provided greater seedhead suppression. 
Mowing treated plots 2 weeks after treating reduced seedhead 
appearance and improved turf quality.
Bhowmik (9) conducted field experiments with Kentucky 
bluegrass to determine duration of growth suppression with 
growth retardants. His studies reveal amidochlor reduced 
top growth by 63 - 90% and provided excellent seedhead 
suppression for 6 weeks. Mefluidide provided excellent top 
growth and seedhead suppression but top growth suppression 
lessened considerably after 4 weeks. A combination treat­
ment of mefluidide and flurprimidol resulted in excellent 
seedhead suppression and good growth reduction up to 8 
weeks. Used alone flurprimidol failed to provide acceptable 
seedhead suppression.
Sawyer and Wakefield (51) attempted to determine the 
proper timing of plant regulator applications to bentgrass 
and red fescue turf stands. Mefluidide, amidochlor, and 
maleic hydrazide treatments all resulted in significant
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reduction in seedheads at all application dates. Mefluidide 
provided the best control of red fescue seedheads.
Amidochlor and mefluidide resulted in good control of vege­
tative growth at all application dates. Some turf discolor­
ation was noted with all treatments and it appeared to be 
caused by a combination of chemical injury and leaf 
diseases.
Jagschitz (29) found the use of a crop oil with meflui­
dide increased the suppression of seedheads; however, it 
also increased turf injury.
Duell, Katz, and Sherman (20) reported that imazapyr 
and combinations with imazethapyr controlled seedheads and 
foliar growth of tall fescue and perennial ryegrass better 
than recommended rates of amidochlor and as well as 
recommended rates of mefluidide.
Johnson (30) reported that imazethapyr suppressed 
seedheads of unmowed centipedegrass more effectively than 
mefluidide alone or with flurprimidol, but effectiveness was 
for less than 8 weeks. Imazethapyr also caused excessive 
turf injury. Mowing 3 weeks after applying mefluidide 
provided effective seedhead suppression for 8 weeks. 
Sethoxydim, sulfometuron, and flurprimidol were not 
effective in controlling seedheads on centipedegrass.
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MATERIALS AND METHODS
Experiments were conducted from 1981 through 1988 to 
investigate selected chemicals for their effects on growth 
of warm season turfgrass species. Turfgrass species 
evaluated over the years, but not necessarily every year, 
included bermudagrass (Cvnodon dactvlon L.), bahiagrass 
(Paspalum notatum Flugge), carpetgrass (Axonopus affinis 
Chase.), centipedegrass rEremochloa ophiuroides (Munro) 
Hack.], St. Augustinegrass rStenotaphrum secudatum (Walt.) 
Kuntze], and zoysiagrass (Zovsia iaponica Steud.).
Data collection for these experiments included turf 
injury, color, leaf growth reduction, seedhead growth 
reduction, leaf density reduction, and seedhead inhibition. 
Data were reported primarily as a percent based on a non­
treated control, although height, weight, and numerical 
counts were also used. Color and overall appearance ratings 
were reported with a rating of 100 being considered 
excellent. Turf greenup is defined as the percent of 
regrowth following winter dormancy. Timing of applications 
and rate effects were also observed.
Treatments were replicated three or four times, 
arranged in completely randomized blocks, and data were 
analyzed utilizing SAS in all experiments. Statistical 
differences were determined using Duncan's New Multiple 
Range Test at the 0.05 level of probability (37).
23
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To facilitate handling the large number of experiments 
conducted over eight years and to six different turfgrass 
species, a number was assigned to each experiment. A 
description of each experiment is listed below by turf 
species.
COMMON BERMUDAGRASS
Experiment No. 1. Objective: To evaluate timing of
applications and rate effects of amidochlor (MON-4621,
Limit) to common bermudagrass turf.
Plot size: 3.0 x 3.0 meters; 4 treatments; 4 replications
Treated: Plot #1 3/5/81 10% turf greenup
Plot #2 5/4/81 90% turf greenup
Plot #3 6/26/81 100% turf greenup 
Treatments: MON-4621 4E 3.36 kg ai/ha
MON-4621 4E 5.60 kg ai/ha
MON-4621 4E 10.08 kg ai/ha
Control--------------------
Data Collected: Growth reduction
Seedhead inhibition 
Comments: Treatments were applied with a compressed air
sprayer delivering 327.2 liters of solution/hectare from 
three 8004E nozzles. Weights of clippings were used to 
determine growth reduction. Seedhead inhibition was 
determined by seedhead counts.
Experiment No. 2. Objective: To evaluate mefluidide
(Embark) and flurprimidol (EL-500, Cutless) for growth
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reduction and seedhead inhibition in common bermudagrass 
grown as low-maintenance turf.
Plot Size: 6.1 x 3.0 meters; 4 treatments; 3 replications
Treated: 8/15/83 Rated: 10/31/83
Treatments (formulated rate):
EL-500 50W 5,000 mg/liter
EL-500 50W 10,000 mg/liter
Embark 2S 3.18 liters/ha
Control ---------
Data Collected: % growth reduction
% stand density reduction 
% seedhead inhibition 
Comments: Treatments were applied with a back-pack sprayer
having a single adjustable cone nozzle. Turf was sprayed to 
wet at approximately 1,018 liters of solution/hectare.
Experiment No. 3. Objective: To evaluate common
bermudagrass responses to mefluidide (Embark), an iron 
supplement (Ferromec1) , and a combination of the two.
Plot Size: 3.0 x 3.0 meters; 4 treatments; 4 replications
Treated: 9/2/88 Rated: 9/9/88, 9/19/88, 10/21/88
Treatments (formulated rate):
Embark 2S 4.77 liters/ha
Ferromec AC 31.80 liters/ha
Embark 2S + Ferromec AC 4.77 + 31.80 liters/ha
^BI/Gordon Corporation, Kansas City, MO.
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Control ------------
Data Collected: % turf injury
% growth reduction 
% seedhead inhibition 
color
overall appearance 
Comments: Treatments were applied with a C02 research
sprayer delivering 229 liters of solution/hectare from three 
8003E nozzles. Additional moisture (1.3 cm) was received 
from rain 5 hours after treating. All plots were mowed 18 
days after treating to provide uniformity and to measure 
regrowth. A score of 100 for color and overall appearance 
was considered to be excellent.
BAHIAGRASS
Experiment No. 4. Objective: To determine the
efficacy of selected herbicides applied with glyphosate 
(Roundup) followed later with sequential low rates of 
glyphosate in eliminating undesirable weed species and 
reducing seedheads of bahiagrass in highway rights-of-way. 
Plot Size: 1.5 x 15.2 meters; 8 treatments; 4 replications
Treated: 3/15/85 initial applications
5/21/85 first sequential (0.21 kg ai/ha)
7/21/85 second sequential (0.14 kg ai/ha)
Rated: 4/18/85, 7/10/85, 8/13/85, 9/27/85
Mowed: 4/5/85, 5/10/85
Treatments:
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Roundup 4E 
Roundup 4E
Roundup 4E + Arsenal 2E 
Roundup 4E + Arsenal 2E 
Roundup 4E + Arsenal 2E 
Arsenal 2E
Roundup 4E + Princep1 80W 
Roundup 4E + Sencor2 75DF 
Control
Data Collected: % turf injury
% growth reduction 
% seedhead inhibition 
% weed control
Comments: Treatments were applied with a C02 sprayer de­
livering 216 liters of solution/hectare from three 8002LP 
nozzles. Initial applications were applied at turf green­
up. Sequential applications were applied 9 and 16 weeks 
later.
CARPETGRASS
Experiment No. 5. Objective: To evaluate sethoxydim 
(Poast) for growth suppression and seedhead inhibition in 
carpetgrass.
^imazine (Princep) Ciba-Geigy Corporation, Greensboro, 
NC.
2Metribuzin (Sencor), Mobay Chemical Corporation,
Kansas City, MO.
0.56 kg ai/ha 
0.84 kg ai/ha 
0.42 + 0.009 kg ai/ha 
0.42 + 0.018 kg ai/ha 
0.42 + 0.035 kg ai/ha 
0.035 kg ai/ha 
0.42 + 2.24 kg ai/ha 
0.42 + 0.28 kg ai/ha
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Plot Size: 0.9 x 3.0 meters; 3 treatments; 4 replications
Treated: 7/27/84 Rated: 8/20/84
Treatments:
Control ---------
Poast 1.5E 0.11 kg ai/ha
Poast 1.5E 0.22 kg ai/ha
Data Collected: % turf injury
color
% growth reduction (leaves and seedheads) 
% seedhead inhibition 
Comments: Treatments were applied using a C02 sprayer
applying 251 liters of solution/hectare from two 8003E 
nozzles. Growth reduction was determined by measuring leaf 
blade height, seedhead height, and clippings weight. Seed­
head inhibition was based on visual ratings. A score of 100 
for color was considered to be excellent.
Experiment No. 6. Objective: To evaluate carpetgrass
responses to plant growth regulators mefluidide (Embark), 
flurprimidol (Cutless), sethoxydim (Poast), and RSW-0411. 
Plot Size: 0.9 x 3.0 meters; 10 treatments; 3 replications
Treated: 9/20/84 Rated: 10/2/84
Treatments: Embark 2S 0.28 kg ai/ha
Embark 2S 0.56 kg ai/ha
Embark 2S 1.12 kg ai/ha
Cutless 50W 1.12 kg ai/ha
Cutless 50W 2.24 kg ai/ha
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Poast 1.5E 0.06 kg ai/ha
Poast 1.5E 0.11 kg ai/ha
Control -------
RSW-0411 70W 1.12 kg ai/ha
RSW-0411 70W 2.24 kg ai/ha
Data Collected: % turf injury
color
% growth reduction 
% stand reduction 
% seedhead inhibition 
Comments: Treatments were applied to actively growing
carpetgrass turf with a C02 sprayer at 323 liters of solu­
tion/hectare. A non-ionic surfactant (X-771) was used with 
all chemical treatments at 2.34 liters/hectare rate. Color 
ratings were based on 100 being considered excellent.
Experiment No. 7. Objective: To determine the
tolerance of carpetgrass to sethoxydim (Poast) and 
sulfometuron (Oust).
Plot Size: 0.9 x 3.0 meters; 6 treatments; 3 replications
Treated: 9/24/84 Rated: 10/2/84, 11/6/84
Treatments: Poast 1.5E 0.28 kg ai/ha
Poast 1.5E 0.56 kg ai/ha
Poast 1.5E 1.12 kg ai/ha
Oust 50W 0.14 kg ai/ha
Chevron Chemical Company, Agricultural Chemicals 
Division, Fresno, CA.
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Oust 50W 0.28 kg ai/ha
Control ----------
Data Collected: % turf injury
color
% growth reduction 
% stand reduction 
% seedhead inhibition 
Comments: A C02 sprayer with a single 8003E nozzle was used
to spray a 46 centimeter swath directly over-the-top of 
established, actively growing carpetgrass turf. A double 
pass was made over each plot to provide a spray volume of 
559 liters of solution/hectare. Crop oil concentrate 
(Atplus 4ll1) was added to Poast treatments and X-77 sur­
factant was added to Oust treatments at 2.34 liters/hectare 
rates. Color ratings were based on 100 being excellent.
Experiment No. 8. Objective: To evaluate carpetgrass
responses to plant growth regulating compounds quinclorac 
(BAS-514, Facet), flurprimidol (Cutless), mefluidide 
(Embark), sulfometuron (Oust), sethoxydim (Poast), 
glyphosate (Roundup), and RSW-0411.
Plot Size: 1.5 x 3.0 meters; 17 treatments, 4 replications
Treated: 8/6/85 Rated: 8/29/85, 9/25/85
Treatments: BAS-514 50W 0.56 kg ai/ha
BAS-514 50W 1.12 kg ai/ha
^CI Americas Inc., Goldsboro, NC.
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BAS-514 50W 2.24 kg ai/ha
Cutless 50W 0.43 kg ai/ha
Cutless 50W 0.69 kg ai/ha
Cutless 50W 1.12 kg ai/ha
Cutless 50W 2.24 kg ai/ha
Embark 2S 0.28 kg ai/ha
Embark 2S 0.56 kg ai/ha
Embark 2S 1.12 kg ai/ha
Oust 75DF 0.03 kg ai/ha
Poast 1. 5E 0.06 kg ai/ha
Poast 1. 5E 0.11 kg ai/ha
Roundup 4E 0.15 kg ai/ha
RSW-0411 70W 1.12 kg ai/ha
RSW-0411 70W 2.24 kg ai/ha
Control ---------
Data Collected: % turf injury
color
% growth reduction 
% leaf density reduction 
% seedhead inhibition 
Comments: Treatments were applied to actively growing 
established turf with a C02 sprayer applying 216 liters of 
solution/hectare from three 8002LP nozzles. A crop oil
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concentrate (Agri-Dex1) was added to the Poast treatments at 
0.5% v/v rate. Color ratings were based on 100 being excel­
lent.
CENTIPEDEGRASS
Experiment No. 9. Objective: To determine tolerances
and growth responses of centipedegrass to sethoxydim (Poast) 
and sulfometuron (Oust).
Plot Size: 0.9 x 3.0 meters; 6 treatments; 3 replications
Treated: 9/24/84 Rated: 10/2/84, 11/6/84
Treatments: Poast 1.5E 0.2 8 kg ai/ha
Poast 1.5E 0.56 kg ai/ha
Poast 1.5E 1.12 kg ai/ha
Oust 50W 0.15 kg ai/ha
Oust 50W 0.28 kg ai/ha
Control----------------------------
Data Collected: % turf injury
color
% growth reduction 
% stand density reduction 
Comments: A C02 sprayer with a single 8003E nozzle was used
to spray a 46 centimeter swath directly over-the-top of 
actively growing carpetgrass turf. A double pass was made 
over each plot to provide a total spray volume of 559 liters 
of solution/hectare. Crop oil concentrate (Agri-Dex) was
!Helena Chemical Company, Memphis, TN.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
added to Poast treatments and a non-ionic surfactant (X- 
77)
was added to Oust treatments at 2.34 liters/hectare rates. 
Color ratings were based on 100 being considered excellent.
Experiment No. 10. Objective: To evaluate growth
responses of centipedegrass to mefluidide (Embark), an iron 
supplement (Ferromec), and a combination of the two. Plot 
Size: 3.0 x 3.0 meters; 4 treatments; 4 replications
Treated: 9/2/88 Rated: 9/9/88, 9/19/88, 10/21/88,
11/28/88
Treatments (formulated rate):
Embark 2S 4.77 liters/ha
Ferromec AC 31.80 liters/ha
Embark 2S + Ferromec AC 4.77 + 31.80 liters/ha
Control ---------------
Data Collected: % turf injury
color
% plant reduction 
% seedhead inhibition 
overall appearance 
turf height
Comments: Treatments were applied with a C02 sprayer
applying 229 liters of solution/hectare from three 8003E 
nozzles. Environmental conditions at application included 
wet soil and cloudy skies with rain 5 hours after treating. 
Plots were mowed 18 days after treating to measure regrowth.
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A score of 100 for color and overall appearance would be 
excellent. Turf height was measured in centimeters.
ST. AUGUSTINEGRASS
Experiment No. 11. Objective: To evaluate sethoxydim
(Poast) for growth reduction and seedhead inhibition in 
'Raleigh' St. Augustinegrass.
Plot Size: 0.9 x 3.0 meters; 3 treatments; 4 replications
Treated: 7/27/84 Rated: 8/20/84
Treatments: Control ----------
Poast 1.5E 0.11 kg ai/ha
Poast 1.5E 0.22 kg ai/ha
Data Collected: % turf injury
color
% growth reduction (leaves and seedheads)
% seedhead inhibition 
Comments: Treatments were applied using a C02 sprayer with
two 8003E nozzles to apply 251 liters of solution/hectare. 
Plant height and weight of clippings were used to determine 
growth reduction. Visual ratings were used to determine 
percent seedhead inhibition. A score of 100 was considered 
excellent for color.
Experiment No. 12. Objective: To determine the
effects of mefluidide (Embark), an iron supplement 
(Ferromec), and a combination of the two applied to 
'Raleigh' St. Augustinegrass turf.
Plot Size: 3.0 x 3.0 meters; 4 treatments; 4 replications
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Treated: 9/2/88 Rated: 9/9/88, 10/21/88, 11/28/88
Treatments (formulated rate):
Embark 2S 4.77 liters/ha
Ferromec AC 31.80 liters/ha
Embark 2S + Ferromec AC 4.77 + 31.80 liters/ha
Control -----------------
Data Collected: % turf injury
color
% growth reduction 
% seedhead inhibition 
overall appearance 
turf height
Comments: Treatments were applied with a C02 sprayer
applying 229 liters of solution/hectare from three 8003E 
nozzles. All plots were mowed 18 days after treating to 
determine regrowth response. A score of 100 for color and 
overall appearance was considered excellent. Turf height 
was measured in centimeters.
ZOYSIAGRASS
Experiment No. 13. Objective: To evaluate sethoxydim
(Poast) for growth reduction and seedhead inhibition in 
'Meyer' zoysiagrass.
Plot Size: 0.9 x 3.0 meters; 3 treatments; 4 replications
Treated: 7/27/84 Rated: 8/20/84
Treatments: Control --------
Poast 1.5E 0.11 kg ai/ha
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Poast 1.5E 0.22 kg ai/ha
Data Collected: % turf injury
color
turf height 
% growth reduction 
% stand reduction
Comments: A C02 sprayer with two 8003E nozzles applying 251
liters of solution/hectare was used to apply treatments to 
actively growing established 'Meyer' zoysiagrass turf.
Growth responses were determined by turf height and weight 
of clippings. A score of 100 for color was considered 
excellent.
Experiment No. 14. Objective: To evaluate 'Meyer'
zoysiagrass responses to plant growth regulating compounds 
quinclorac (BAS-514, Facet), flurprimidol (EL-500, Cutless), 
mefluidide (Embark), sulfometuron (Oust), sethoxydim 
(Poast), glyphosate (Roundup), and RSW-0411.
Plot Size: 1.5 x 3.0 meters; 17 treatments; 4 replications
Treated: 8/6/85 Rated: 8/29/85, 9/25/85
Treatments: BAS-514 50W 0.56 kg ai/ha
BAS-514 50W 1.12 kg ai/ha
BAS-514 50W 2.24 kg ai/ha
Cutless 50W
Cutless 50W 0.43 kg ai/ha 
0.69 kg ai/ha
Cutless 50W 1.12 kg ai/ha
Cutless 50W 2.24 kg ai/ha
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Embark 2S 0.28 kg ai/ha
Embark 2S 0.56 kg ai/ha
Embark 2S 1.12 kg ai/ha
Oust 75DF 0.03 kg ai/ha
Poast 1.5E 0.06 kg ai/ha
Poast 1.5E 0.11 kg ai/ha
Roundup 4E 0.15 kg ai/ha
RSW-0411 70W 1.12 kg ai/ha
RSW-0411 70W 2.24 kg ai/ha
Control ---------
Data Collected: % turf injury
color
% growth reduction 
% leaf density reduction 
Comments: Treatments were applied to established, actively
growing 'Meyer* zoysiagrass turf with a C02 sprayer applying 
216 liters of solution/hectare from three 8002LP nozzles. A 
crop oil concentrate (Agri-Dex) was added to the Poast 
treatments at 0.5% v/v rate. Color ratings were based on a 
score of 100 being excellent.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
RESULTS AND DISCUSSION
COMMON BERMUDAGRASS
Experiment No. 1. Seedhead counts and clipping weights 
were used to measure the growth effects of MON-4621 on 
common bermudagrass at three different growth stages. When 
treated at 10% turf greenup (Table 1), the number of seed­
heads present was reduced significantly by all the rates of 
MON-4621 compared to the control. However, there were no 
differences found among rates of MON-4621. Clipping weights 
at two dates did not reveal differences among treatments. 
This indicated that vegetative growth was not altered by the 
plant growth regulator.
When treatments were applied approximately 2 months 
later at 90% turf greenup (Table 2), there were no 
significant differences found in seedhead counts. Clipping 
weights were significantly lower only in plots with the 
lower rate of MON-4621 on 9/23/81.
Bermudagrass treated in mid-summer at 100% turf greenup 
(Table 3) had no significant reduction in clippings from any 
rate of MON-4621 over the control. This data supports 
Kaufmann's (32) findings that seedheads are suppressed by 
MON-4621 only if applications are made prior to seedstalk 
elongation.
Experiment No. 2. Bermudagrass grown as a low main­
tenance turf was treated with two rates of EL-500 and one
38
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Table 1. Effects of MON-4621 plant growth regulator applied 
to common bermudagrass. Treatments were applied 
3/5/81 at 10% turf greenup.
Rate Number2 ^7
(kg Clipping weights seedheads^
Treatment ai/ha) 6/17/81 9/23/81 5/28/81
MON-4621 4E 3.36 1.77
X
a 5.08 a 39 b
MON-4621 4E 5.60 2.27 a 5.26 a 29 b
MON-4621 4E 10.08 1.59 a 5.53 a 21 b
Control 2.04 a 5.40 a 99 a
2
Kilograms of clippings collected in a 9.3 sq. meter area. 
^ Number of seedheads counted in a .37 sq. meter area.
Mean separation within columns by Duncan's multiple range 
test, P = 0.05.
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Table 2. Effects of MON-4621 plant growth regulator applied 
to common bermudagrass. Treatments were applied 
5/4/81 at 90% turf greenup.
Treatment
Rate
(kg
ai/ha)
Clipping
6/17/81
weights2
9/23/81
Number y
seedheads
5/28/81
MON-4621 4E 3.36 1.86 aX 3.72 b 19 a
MON-4621 4E 5.60 1.68 a 4.67 a 45 a
MON-4621 4E 10.08 1.72 a 4.63 a 15 a
Control — — — 1.81 a 4.63 a 31 a
2
Kilograms of clippings collected in a 9.3 sq. meter area. 
^ Number of seedheads counted in a .37 sq. meter area.
Mean separation within columns by Duncan's multiple range 
test, P = 0.05.
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Table 3 Effects of MON-4621 plant growth regulator applied 
to common bermudagrass. Treatments were applied 
6/26/81 at 100% turf greenup.
Treatment
Rate
(kg
ai/ha)
Clipping^
weights
9/23/81
MON-4621 4E 3.36 4.54 ay
MON-4621 4E 5.60 4.17 a
MON-4621 4E 10.08 4.40 a
Control 4.81 a
z
Kilograms of clippings collected in a 
9.3 sq. meter area.
Mean separation within columns by 
Duncan's multiple range test, P = 
0.05.
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rate of Embark to compare growth, seedhead development, and 
stand density with a control plot (Table 4). All PGRs 
provided significant differences in growth reduction and 
seedhead inhibition. Embark was the least effective, with 
only a 20% reduction in both growth and seedhead inhibition. 
Considerable stand density loss was evident in both EL-500 
treatments, whereas, no loss was noted in the Embark treat­
ment. The higher rate of EL-500 gave greater growth 
reduction (70%) and seedhead inhibition (80%). Turf injury 
was not rated, but some leaf distortion was noted at the 
higher rate of EL-500.
Experiment No. 3. Embark and Ferromec, alone and in 
combination, were compared with a control for growth 
regulating effects on common bermudagrass (Table 5). Turf 
injury was acceptable in all treatments at all dates, with 
only Embark applied alone resulting in greater than a 3% 
injury. Plots treated with Ferromec, either alone or in 
combination with Embark, provided significantly better color 
than the control or Embark alone plots. Growth reduction 
and seedhead inhibition were significantly higher in plots 
treated with Embark. Ferromec alone provided greater 
seedhead inhibition than the control at 48 days after 
treating. This may have been due to the delay in seedhead 
maturity caused by the additional plant nutrients. Even 
with reduced seedheads and reduced growth, the PGR-treated
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Table 4. Growth effects of EL-500 and Embark on common bermudagrass grown as 
low-maintenance turf. Treatments were applied 8/15/83 and rated 
10/31/83.
Treatment Formulated rate
Growth
reduction
(%)
Stand
density
reduction
(%)
Seedhead
inhibition
(%)
EL-500 50W 5,000 mg/liter 50 bZ 20 b 60 b
EL-500 50W 10,000 mg/liter 70 a 30 a 80 a
Embark 2S 3.18 liters/ha 20 c 0 c 20 c
Control ---- 0 d 0 c 0 d
2
Mean separation within columns by Duncan’s multiple range test, P = 0,05.
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Table 5. Responses of common bermudagrass to Embark, Ferromec, and Embark + Ferromec. 
Treatments were applied 9/2/88 and rated 9/9/88, 9/19/88, 10/21/88, and 
11/28/88.
Treatment
Formulated
rate
(liters/ha)
Turf injury (%) Color^
7 DAT" 17 DAT 48 DAT 7 DAT 17 DAT 48 DAT
Embark 2S 4.77 x6 a 8 a 0 a 78 b 83 b 84 b
Ferromec AC 31.80 0 a 0 b 0 a 94 a 95 a 91 a
Embark + Ferromec 4.77 + 31.80 3 a 0 b 0 a 91 a 90 a 91 a
Control --- 0 a 0 b 0 a 80 b 83 b 83 b
Treatment
Formulated
rate
(liters/ha)
Growth reduction (%)
Seedhead inhibition 
(%)
y
Overall appearance
7 DAT 17 DAT 48 DAT 7 DAT 17 DAT 48 DAT 7 DAT 17 DAT 48 DAT
Embark 2S 4.77 16 a 33 a 39 a 11 a 25 a 66 a 83 b 84 a 85 a
Ferromec AC 31.80 0 b 0 b 0 b 0 b 0 b 46 b 91 a 84 a 86 a
Embark + Ferromec 4.77 + 31.80 11 a 20 a 42 a 9 a 27 a 70 a 93 a 86 a 89 a
Control --- 0 b 0 b 0 b 0 b 0 b 0 c 80 b 81 a 74 a
Days after treatment 
Rating of 100 is excellent.
Mean separation within columns by Duncan's multiple range test, P = 0.05.
■>
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plots had no significantly higher overall appearance scores 
than did the control plot at or beyond the 17 DAT rating. 
BAHIAGRASS
Experiment No. 4. Roundup is a non-selective herbicide 
when used at normal herbicidal rates, but when applied to 
turf at much lower sublethal rates, it can inhibit growth 
and suppress seedheads. The initial application of Roundup 
was applied alone and in combination with selected pre­
emergence herbicides to a bahiagrass roadside turf at spring 
greenup (Table 6). Two sequential applications of Roundup 
followed during the growing season. Turf injury was high 
for most treatments at the first rating taken approximately 
four weeks after the treatments were made. Arsenal was the 
most injurious pre-emerge herbicide used, with injury 
increasing as rate increased. The sequential applications 
of Roundup caused little permanent injury to the bahiagrass. 
Turf injury beyond the second rating was acceptable for 
roadside use. Growth was significantly reduced by all of 
the treatments when compared with the control. Pre-emerge 
herbicide applications appeared to have an initial effect on 
growth retardation that paralleled growth for the remainder 
of the study. There was an added benefit of improved weed 
control in the pre-emerge herbicide treated plots. The 50% 
or more seedhead inhibition by all treated plots was 
noticeable in overall turf quality over the control plots. 
CARPETGRASS
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Table 6. Effects of Roundup and Roundup plus residual herbicides on bahiagrass highway 
rights-of-way for vegetation management.
Treatment2
Rate 
(kg ai/ha)
Turf injury (%)
Growth reduction
(%)
4/18/85 7/10/85 8/13/85 9/27/85 4/18/85 7/10/85
Roundup 4E 0.56 20 dy 0 c 13 a 0 a 33 d 40 cd
Roundup 4E 0.84 33 c 0 c 10 a 0 a 56 c 53 be
Roundup 4E + Arsenal 2E 0.42 + 0.009 40 abc 10 b 10 a 0 a 60 be 46 bed
F'mndup 4E + Arsenal 2E 0.42 + 0.018 43 ab 8 be 13 a 0 a 70 ab 60 ab
Roundup 4E + Arsenal 2E 0.42 + 0.035 48 a 18 a 13 a 0 a 75 a 70 a
Arsenal 2E 0.035 38 be 23 a 10 a 0 a 60 be 55 b
Roundup 4E + Princep 80W 0.42 + 2.24 10 e 0 c 10 a 0 a 10 e 40 cd
Roundup 4E + Sencor 75DF 0.42 + 0.28 20 d 0 c 10 a 0 a 43 d 38 d
Control --- 0 f 0 c 0 b 0 a 0 e 0 e
Growth reduction
Treatment
Rate 
(kg ai/ha)
(%)
8/13/85 9/27/85
Seedhead
7/10/85
inhibition (%) 
8/13/85 9/27/85
Roundup 4E 0.56 59 cd 48 abc 53 cd 53 c 60 b
Roundup 4E 0.84 66 abc 56 a 70 ab 80 a 66 a
Roundup 4E + Arsenal 2E 0.42 + 0.009 55 d 48 abc 53 cd 66 ab 59 b
Roundup 4E + Arsenal 2E 0.42 + 0.018 61 bed 48 abc 63 abc 69 ab 55 be
Roundup 4E + Arsenal 2E 0.42 + 0.035 73 a 55 ab 76 a 78 a 66 a
Arsenal 2E 0.035 69 ab 48 abc 58 bed 74 a 58 b
Roundup 4E + Princep 80W 0.42 + 2.24 63 bed 41 c 53 cd 68 ab 50 c
Roundup 4E + Sencor 75DF 0.42 + 0.28 58 cd 45 be 45 d 56 be 50 c
Control --- 0 e 0 d 0 e 0 d 0 d
2 Initial treatments were applied 3/15/85; 1st Roundup sequential of 0.21 kg ai/ha was applied 
5/21/85; 2nd Roundup sequential of 0.14 kg ai/ha was applied 7/12/85. 
y Mean separation within columns by Duncan’s multiple range test, P = 0.05.
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Experiment No. 5. The data in Table 7 show that turf 
injury, color, plant growth, and seedhead production were 
all significantly affected by applications of Poast to 
carpetgrass turf. As rates increased, activity also 
increased. Color and seedhead inhibition were the most 
noticeable effects, with leaf blades reddening at the apex. 
This discoloration would still be acceptable in low-main- 
tenance turf areas. Seedheads were virtually eliminated at 
the higher application rate of Poast. Turf height and 
clipping weights were also reduced as the rate increased.
Experiment No. 6. Ratings taken 2 weeks following a 
late summer application of selected PGRs to actively growing 
carpetgrass reveal seedhead inhibition can still be obtained 
late into the growing season (Table 8). Some turf injury 
was evident with most of the treatments, but this injury was 
acceptable for low-maintenance carpetgrass turf. Injury was 
consistent with rate increase for each PGR tested. Color 
was most affected by the high rates of Poast and Cutless.
The high rate of Poast resulted in a growth reduction of 92% 
and a seedhead inhibition of 98%. Embark provided slightly 
better seedhead inhibition than Cutless, but Cutless 
provided slightly better growth reduction. RSW-0411 had no 
measurable effect on carpetgrass growth.
Experiment No. 7. Tolerances of carpetgrass to Poast 
and Oust were evaluated (Table 9). Poast, at higher rates 
than previously tested, and Oust at two rates were applied
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Table 7. Plant growth regulator effects of Poast applied to
carpetgrass. Treatments were applied 7/27/84 and rated 
8/20/84.
Leaf
Rate Turf Leaf growth
(kg injury blade reduction
Treatment ai/ha) (%) Color2 height^ (%)
Control ________ n x 0 C 100 a 9.9 a 0 c
Poast 1.5E 0.11 13 h 83 b 7.4 b 43 b
Poast 1.5E 0.22 20 a 73 c 6.4 c 59 a
Seedhead
Rate growth Seedhead
(kg Clipping Seedhead reduction inhibition
Treatment ai/ha) weights height^ (%) (%)
Control ___ 0.88 a 30.5 a 0 c 0 c
Poast 1.5E 0.11 0.60 b 16.5 b 53 b 78 b
Poast 1.5E 0.22 0.48 b 11.7 c 71 a 95 a
2 Rating of 100 is excellent.
^ Measured in centimeters.
Mean separation within columns by Duncan's multiple range test, P = 
0.05.
Kilograms of clippings collected in a 9.3 sq. meter area.
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Table 8. Carpetgrass responses to plant growth regulators, 1984. Treatments were 
applied 9/20/84 and rated 10/2/84.
Treatment
Rate
(kg
ai/ha)
Turf
injury
(%) Color2
Growth
reduction
(%)
Stand
reduction
(%)
Seedhead
inhibition
(%)
Embark 2S 0.28 20 ay 80 ab 57 be 3 b 57 c
Embark 2S 0.56 10 be 90 ab 40 c 3 b 73 b
Embark 2S 1.12 10 be 83 ab 47 be 3 b 58 c
Cutless 50W 1.12 13 b 83 ab 50 be 5 b 53 c
Cutless 50W 2.24 20 a 73 ab 53 be 7 ab 57 c
Poast 1.5E 0.06 13 b 80 ab 58 b 7 ab 82 ab
Poast 1.5E 0.11 20 a 70 ab 92 a 12 a 98 a
Control --- 0 d 100 a 0 e 0 b 0 e
RSW-0411 70W 1.12 0 d 100 a 10 de 0 b 12 d
RSW-0411 70W 2.24 7 c 93 ab 20 d 0 b 18 d
2 Rating of 100 is excellent.
y Mean separation within columns by Duncan's multiple range test, P = 0.05.
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Table 9. Effects of Poast and Oust applied to carpetgrass. 
rated 10/2/84 and 11/6/84.
Treatments were applied 9/24/84 and
Treatment
Rate
(kg
ai/ha)
Turf injury 
(%) Color2
Growth 
reduction (%)
Stand 
reduction (%)
Seedhead
inhibition
(%)
2 wks. 7 wks. 2 wks. 7 wks. 2 wks. 7 wks. 2 wks. 7 wks. 7 wks.
Poast 1.5E 0.28 23 cy 17 be 77 b 87 ab 82 b 33 b 5 c 15 cd 97 ab
Poast 1.5E 0.56 30 b 17 be 63 c 90 ab 93 ab 28 b 12 b 17 bed 93 b
Poast 1.5E 1.12 40 a 30 ab 47 d 80 ab 100 a 20 be 17 a 33 ab 98 ab
Oust 50W 0.14 23 c 30 ab 73 b 67 be 80 b 42 b 5 c 27 abc 100 a
Oust 50W 0.28 20 c 50 a 80 b 50 c 80 b 78 a 5 c 43 a 97 ab
Control -- 0 d 0 c 100 a 100 a 0 c 0 c 0 d 0 c 0 c
Rating of 100 is excellent. 
y Mean separation within columns by Duncan’s multiple range test, P = 0.05.
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to actively growing carpetgrass. Turf injury, color, growth 
reduction, and stand density were rated at 2 and 7 weeks 
after treating, Seedhead inhibition was also rated after 7 
weeks. Two weeks after treating, the lowest rate of Poast 
and the two Oust rates were marginally acceptable for turf 
injury, with the high rate of Poast being unacceptable.
After 7 weeks, only turf with the lower two rates of Poast 
applied had acceptable injury. Color was also poor at the 2 
weeks rating for all treatments, but after 7 weeks only 
treatments with Oust still had poor color. Growth reduction 
was effective for all PGR treatments at 2 weeks with 80% or 
greater growth reduction. At 7 weeks, however, only Oust at 
the highest rate was effectively controlling growth. Stand 
density, at the 7-week rating, was unacceptable at the two 
rates of Oust and the highest rate of Poast. Seedheads were 
controlled by all rates of Poast and Oust at 7 weeks, with 
the lowest seedhead inhibition being 93%.
Experiment No. 8. At 3 weeks, all rates of Oust and 
BAS-514 caused excessive turf injury to carpetgrass, but at 
7 weeks only the highest rate of BAS-514 was still causing 
unacceptable injury (Table 10). Color was also adversely 
affected by these treatments at 3 weeks. Color had improved 
at 7 weeks to acceptable levels in all treatments except the 
highest rate of BAS-514 and lowest rate of Embark. The 
discoloration caused by BAS-514 was a purple to reddish 
coloring of the foliage. Growth reduction of 50% or more
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Table 10. Carpetgrass responses to plant growth regulators, 1985. Treatments were applied 8/6/85 and 
rated 8/29/85 and 9/25/85.
Rate Turf injury Growth Leaf density Seedhead
(kg ______(%)_______   Color2  reduction (%) reduction (%) inhibition (%)
Treatment ai/ha) 3 wks. 7 wks. 3 wks. 7 wks. 3 wks. 7 wks. 3 wks. 7 wks. 3 wks. 7 wks.
BAS-514 50W 0.56 23 cy 10 cd 78 d 93 ab 16 f 19 efg 3 d 5 c 18 e 36 de
BAS-514 50W 1.12 35 b 18 b 60 e 83 abc 38 de 45 bed 16 b 12 b 41 d 53 c
BAS-514 50W 2.24 58 a 30 a 33 f 63 c 64 b 55 ab 35 a 25 a 68 b 78 a
Cutless 50W 0.43 5 fg 0 e 95 ab 100 a 4 g 0 h 0 d 1 d 6 f 10 g
Cutless 50W 0.69 5 fg 0 e 93 ab 100 a 8 fg 13 fgh 1 d 1 d 16 e 25 f
Cutless 50W 1.12 5 fg 0 e 100 a 100 a 10 fg 13 fgh 1 d 0 d 16 e 10 g
Cutless 50W 2.24 15 cde 5 de 88 be 95 a 43 de 36 cde 3 d 3 cd 43 d 36 de
Embark 2S 0.28 8 efg 3 e 93 ab 68 be 5 fg 9 gh 1 d 3 cd 9 ef 35 e
Embark 2S 0.56 10 def 3 d 88 be 98 a 40 de 36 cde 3 d 3 cd 50 cd 50 c
Embark 2S 1.12 15 cde 5 de 80 cd 95 a 48 cd 30 def 1 d 1 d 55 c 50 c
Oust 75DF 0.03 33 b 13 c 63 e 98 a 85 a 70 a 11 c 13 b 86 a 85 a
Poast 1.5E 0.06* 8 efg 0 e 93 ab 100 a 45 de 15 fgh 1 d 0 d 66 b 50 c
Poast 1.5E 0.11* 20 c 3 e 80 cd 98 a 58 be 50 be 4 d 1 d 88 a 69 b
Roundup 4E 0.15 18 cd 0 e 83 cd 100 a 35 e 35 cde 4 d 1 d 55 c 45 cd
RSW-0411 70W 1.12 0 g 3 e 100 a 98 a 0 g 8 gh 0 d 0 d 0 f 10 g
RSW-0411 70W 2.24 3 fg 0 e 98 a 100 a 8 fg 3 gh 0 d 0 d 9 ef 10 g
Control --- 0 g 0 e 100 a 75 abc 0 g 0 h 0 d 0 d 0 f 0 h
2
Rating of 100 is excellent. 
y Mean separation within columns by Duncan's multiple range test, P = 0.05.
* Crop oil concentrate added at 0.5% v/v.
Lnto
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after 7 weeks was obtained with Oust (70%), the highest rate 
of BAS-514 (55%), and the highest rate of Poast (50%). At 
the highest rate of BAS-514, turf density loss was above 
acceptable levels on the two evaluation dates. Even though 
seedhead inhibition was significantly better for most PGR 
treatments over the control, only the Oust and highest rate 
of Poast treatments reduced seedheads effectively. 
CENTIPEDEGRASS
Experiment No. 9. Centipedegrass was found to be quite 
tolerant to Poast and Oust applications (Table 11). Turf 
injury was virtually non-existent in moderate to high rate 
treatments of Poast and Oust for a 7 week period. Color was 
also not affected. Growth reduction was only significantly 
different from the control at the higher rates of Poast and 
Oust, and the higher reduction was only 25% by Oust 2 weeks 
after treating. The tolerance exhibited by centipedegrass 
to these two chemicals may make it possible to suppress or 
eliminate other turf species from centipedegrass.
Experiment No. 10. Embark and Ferromec applied alone 
and in combination were compared with an untreated control 
for growth regulating effects on centipedegrass (Table 12). 
Turf injury was higher at 7 DAT in plots treated with 
Ferromec or Ferromec plus Embark. Ferromec caused a 
temporary iron stain of the turf foliage. Turf injury 
ratings at 17 DAT, 48 DAT, and 87 DAT were not significantly 
different in any of the plots. Even though Ferromec did
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Table 11. Plant growth regulator effects of Poast and Oust applied to centipedegrass. 
Treatments were applied 9/24/84 and rated 10/2/84 and 11/6/84.
Treatment
Rate
(kg
ai/ha)
Turf in-jury (%) Color2
Growth 
reduction (%)
Stand density 
reduction (%)
2 wks 7 wks. 2 wks. 7 wks. 2 wks. 7 wks. 2 wks. 7 wks.
Poast 1.5E 0.28 0 ay 0 a 100 a 100 a 3 be 3 be 0 a 0 a
Poast 1.5E 0.56 0 a 0 a 97 ab 100 a 8 be 3 be 0 a 0 a
Poast 1.5E 1.12 3 a 0 a 93 b 100 a 17 ab 12 ab 0 a 0 a
Oust 50W 0.15 0 a 0 a 100 a 100 a 3 be 8 abc 0 a 0 a
Oust 50W 0.28 0 a 0 a 100 a 100 a 25 a 15 a 0 a 0 a
Control 0 a 0 a 100 a 100 a 0 c 0 c 0 a 0 a
2
Rating of 100 is excellent. 
y Mean separation within columns by Duncan's multiple range test, P = 0.05.
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Table 12. Responses of centipedegrass to Embark, Ferromec, and Embark + Ferromec. Treatments were
applied 9/2/88 and rated 9/9/88, 9/19/88, 10/21/88, and 11/28/88.
Treatment
Formulated
rate
(liters/ha)
Turf in-jury (%) Color^
7 DATZ 17 DAT 48 DAT 87 DAT 7 DAT 17 DAT 48 DAT 87 DAT
Embark 2S 4.77 0 bX 8 a 3 a 0 a 89 b 88 b 84 b 85 a
Ferromec AC 31.80 9 a 0 a 0 a 0 a 98 a 99 a 100 a 89 a
Embark + Ferromec 4.77 + 31.80 10 a 3 a 1 a 0 a 96 a 96 a 98 a 89 a
Control --- 0 b 0 a 0 a 0 a 90 b 89 b 88 b 88 a
Formulated
Treatment
rate
(liters/ha)
Growth reduction (%) Seedhead inhibition (%)
7 DAT 17 DAT 48 DAT 87 DAT 7 DAT 17 DAT 48 DAT 87 DAT
Embark 2S 4.77 11 a 49 a 84 a 81 a 13 a 59 a 84 a 80 a
Ferromec AC 31.80 0 c 0 c 0 c 0 c 0 b 0 c 0 c 3 c
Embark + Ferromec 4.77 + 31.80 8 b 31 b 68 b 68 b 9 a 34 b 61 b 65 b
Control --- 0 c 0 c 0 c 0 c 0 b 0 c 0 c 0 c
Treatment
Formulated
rate
(liters/ha)
Overall yappearance HeightW
7 DAT 17 DAT 48 DAT 87 DAT 48 DAT 87 DAT
Embark 2S 4.77 90 b 93 a 86 a 89 a 4.1 d 4.1 c
Ferromec AC 31.80 96 a 85 c 78 b 79 be 7.9 a 7.1 a
Embark + Ferromec 4.77 + 31.80 95 a 89 b 88 a 83 b 5.1 c 4.1 c
Control --- 89 b 83 c 80 b 78 c 7.1 b 6.1 b
2
Days after treatment.
^ Rating of 100 is excellent.
Mean separation within columns by Duncan's multiple range test, P = 0.05.
Measured in centimeters. i/i
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cause slight foliage staining, it provided the best color 
from 7 DAT through 87 DAT. Embark applied alone resulted in 
the lowest color rating at 48 DAT, which was not 
significantly different than the control. Embark did 
provide significantly greater growth reduction and seedhead 
inhibition when applied alone. Growth reduction activity 
was still significantly greater when Embark was used in 
combination with Ferromec than the control or Ferrromec used 
alone. Turf height was reduced significantly by Embark and 
Embark plus Ferromec. Ferromec alone actually enhanced turf 
height greater than the control. This enhanced growth may 
have been due to the added nutrients provided by Ferromec. 
Best overall appearance occurred when Embark and Embark plus 
Ferromec were used, mainly as a result of reduced shoot 
height, less seedheads, and greater uniformity. Although 
not rated, mechanical injury from tasks such as mowing 
remained visible much longer in Embark-treated plots.
ST. AUGUSTINEGRASS
Experiment No. 11. 'Raleigh' St. Augustinegrass is 
highly sensitive to low rate applications of Poast (Table 
13). Approximately 4 weeks after treating, turf injury and 
color were unacceptable at the two rates tested. At the 
lower applied rate of Poast, leaf blade and seedhead growth 
were both significantly reduced almost completely at 92% and 
89%, respectively. The actual numbers of seedheads produced 
were less than 2%.
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Table 13. Plant growth regulator effects of Poast applied to 
'Raleigh' St. Augustinegrass. Treatments were applied 
7/27/84 and rated 8/20/84.
Leaf
O
-o Rate Turf Leaf growth*«<2. (kg injury blade reduction
CO
O’ Treatment ai/ha) (%) Color2 height^ (%)
o
£o Control o x ---- 0 c 100 a 7.6 a 0 bCD
— 5 Poast 1.5E 0.11 28 b 63 b 4.1 b 92 a
m Poast 1.5E 0.22 38 a 53 c 4.1 b 96 a
c 
—*-
CD—s
3
-o
— 5o
Q. Seedhead
C Rate growth Seedhead
o' (kg Clipping Seedhead reduction inhibition
■o Treatment ai/ha) weights height^ (%) (%)
— 5oO’
g; Control ---- 0.46 a 14.7 a 0 b 0 b«—► CD Poast 1.5E 0.11 0.16 b 4.8 b 89 a 98 aQ.
£ Poast 1.5E 0.22 0.13 b 4.8 b 89 a 98 a
O’
o c «—►
■oCD
— 5 Rating of 100 is excellent.
3.(/)' • Measured in centimeters.
</>
o Mean separation within columns by Duncan's multiple range test, P =u
O 0.05.
Kilograms of: clippings collected in a 9.3 sq. meter area.
Experiment Mo. 12. Responses of 'Raleigh' St. 
Augustinegrass treated with Embark or Embark in combination 
with Ferromec were compared with a control (Table 14). 
Embark-treated plots had statistically significant, but 
acceptable, turf injury at 17 DAT and 48 DAT. Embark- 
treated plots alone also had significantly lower color 
ratings but, when Ferromec was added to Embark, color 
ratings were better than the control. Embark, alone and in 
combination with Ferromec, provided good plant growth 
reduction, with 94% for Embark alone at 48 DAT. Seedheads 
were also reduced significantly by Embark, although the 
amount of reduction (65%) was not considered adequate. 
Overall appearance was not significantly different for any 
treatment. Even though Embark reduced total leaf height at 
48 DAT and 87 DAT, the reduction was only significant at the 
87 DAT rating.
ZOYSIAGRASS
Experiment No. 13. Turf injury, color, and growth 
reduction were all affected by rates of Poast applied to 
'Meyer' zoysiagrass (Table 15). After 4 weeks, percent 
injury and color were significantly affected by Poast, with 
the higher rate of Poast being an unacceptable treatment. 
Leaf blade growth and total clipping weights were also 
reduced as rates of Poast increased.
Experiment No. 14. Growth reduction of 'Meyer' zoysia­
grass was not adversely affected by most PGR applications
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Table 14. Responses of 'Raleigh' St. Augustinegrass to Embark, Ferromec, and Embark + Ferromec.
Treatments were applied 9/2/88 and rated 9/9/88, 9/19/88, 10/21/88, and 11/28/88.
Formulated
rate Turf injury (%) Colory
Treatment (liters/ha) 7 DAT" 17 DAT 48 DAT 87 DAT 7 DAT 17 DAT 48 DAT 87 DAT
Embark 2S 4.77 ■a x3 a 16 a 9 a 6 a 88 b 79 c 78 c 75 a
Ferromec AC 31.80 1 a 0 c 0 b 0 a 98 a 100 a 100 a 83 a
Embark + Ferromec 4.77 + 31.80 1 a 9 b 3 b 3 a 95 ab 93 b 85 b 78 a
Control --- 0 a 0 c 0 b 0 a 89 b 89 b 85 b 76 a
Formulated
rate Growth reduction (%)
Seedhead 
inhibition (%)
Treatment (liters/ha) 7 DAT 17 DAT 48 DAT 87 DAT 7 DAT 17 DAT
Embark 2S 
Ferromec AC 
Embark + Ferromec 
Control
4.77 
31.80 
4.77 + 31.80
13 a 
4 b 
4 b 
0 b
59 a 
0 c 
48 b 
0 c
94 a 
0 c 
80 b 
0 c
75 a 
0 c 
53 b 
0 c
10 a 
3 b 
6 ab 
0 b
65 a 
0 b 
54 a 
0 b
•
Formulated
rate
y
Overall appearance-^ HeightW
Treatment (liters/ha) 7 DAT 17 DAT 48 DAT 87 DAT 48 DAT 87 DAT
Embark 2S 
Ferromec AC 
Embark + Ferromec 
Control
4.77 
31.80 
4.77 + 31.80
89 a 
95 a 
94 a
90 a
80 a 
85 a 
91 a 
85 a
81 a 
84 a 
89 a 
84 a
79 a
79 a
80 a 
78 a
5.1 a 
7.9 a
6.1 a
7.1 a
4.1 c 
7.9 a
6.1 b
7.1 a
2
Days after treatment. 
y Rating of 100 is excellent.
Mean separation within columns by Duncan's multiple range test, P = 0.05.
Measured in centimeters. m
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Table 15. Plant growth regulator effects of Poast applied to 'Meyer' zoysiagrass. 
Treatments were applied 7/27/84 and rated 8/20/84.
Treatment
Rate
(kg
ai/ha)
Turf
injury
(%) Color2
Leaf
blade
height^
Leaf blade 
growth reduction 
(%)
Clipping
weights
Stand density 
reduction (%)
Control 0 cw 100 a 7.4 a 0 c 0.63 a 0 c
Poast 1.5E 0.11 15 b 85 b 6.9 b 33 b 0.53 b 5 b
Poast 1.5E 0.22 25 a 70 c 6.1 c 50 a 0.43 c 11 a
2
Rating of 100 is excellent.
^ Measured in centimeters.
Kilograms of clippings collected in a 9.3 sq. meter area.
Mean separation within columns by Duncan’s multiple range test, P = 0.05.
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(Table 16). Only Embark provided more than 30% growth 
reduction of 'Meyer' zoysiagrass after 7 weeks. Color was 
also lowered by Embark treatments. Poast, Roundup, and Oust 
provided greater than 50% growth reduction up to 3 weeks but 
their reduction dropped considerably before the 7 week 
rating. At 7 weeks, turf injury and density were not 
affected to an unacceptable degree.
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Table 16. 'Meyer' zoysiagrass responses to plant growth regulators. Treatments were applied 
8/6/85 and rated 8/29/85 and 9/25/85.
Rate Growth Leaf density
(kg Turf injury (%)  Color2 reduction (%) reduction (%)
Treatment ai/ha) 3 wks. 7 wks. 3 wks. 7 wks. 3 wks. 7 wks. 3 wks. 7 wks.
BAS-514 50W 0.56 3 efy 0 b 98 a 100 a 5 gh 8 d 0 b 0 a
BAS-514 50W 1.12 3 ef 0 b 95 ab 100 a 10 gh 0 d 0 b 0 a
BAS-514 50W 2.24 5 ef 0 b 95 ab 100 a 19 fg 5 d 0 b 0 a
Cutless 50W 0.43 0 f 0 b 100 a 100 a 0 h 3 d 0 b 0 a
Cutless 50W 0.69 3 ef 0 b 95 ab 100 a 3 h 10 d 0 b 0 a
Cutless 50W 1.12 0 f 0 b 100 a 100 a 0 h 16 bed 0 b 0 a
Cutless 50W 2.24 3 ef 3 b 95 ab 95 a 8 gh 29 b 0 b 0 a
Embark 2S 0.28 8 de 8 a 90 be 85 b 26 ef 50 a 0 b 0 a
Embark 2S 0.56 8 de 0 b 85 cd 88 b 45 cd 48 a 0 b 0 a
Embark 2S 1.12 18 be 10 a 73 e 83 b 61 ab 63 a 0 b 0 a
Oust 75DE 0.03 20 b 0 b 80 d 100 a 73 a 13 cd 0 b 0 a
Poast 1.5E 0.06* 18 be 0 b 90 be 95 a 39 de 16 bed 0 b 0 a
Poast 1.5E 0.11* 28 a 0 b 63 f 98 a 58 be 8 d 9 a 0 a
Roundup 4E 0.15 13 cd 0 b 83 d 100 a 55 be 28 be 0 b 0 a
RSW-0411 70W 1.12 0 f 0 b 100 a 100 a 8 gh 8 d 0 b 0 a
RSW-0411 70W 2.24 3 ef 0 b 100 a 100 a 8 gh 3 d 0 b 0 a
Control --- 0 f 0 b 100 a 98 a 0 h 0 d 0 b 0 a
2
Rating of 100 is excellent. 
y Mean separation within columns by Duncan's multiple range test, P = 0.05.
* Crop oil concentrate added at 0.5% v/v.
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CONCLUSIONS
Results of these experiments reveal that synthetic 
plant growth regulators can affect the growth habits of warm 
season turfgrasses. Turf injury and foliage discoloration 
are the greatest adverse effects when using PGRs, whereas 
plant growth reduction and seedhead inhibition are the two 
most positive reasons for their use. Turf species tolerance 
was evident with most of the compounds tested, with the 
herbicide-type regulators being more turf species specific 
than other chemicals tested.
Mefluidide (Embark) provided the most consistent growth 
regulating effects in the turf species included in these 
investigations. Embark caused some turf injury and foliage 
discoloration; however, the addition of Ferromec, an iron 
supplement, helped improve color. Plant growth reduction 
and seedhead inhibition were achieved with Embark, with 
activity appearing to be most effective between the third 
and seventh week after application.
The behavior of flurprimidol (EL-500) was erratic in 
these studies. At high rates on bermudagrass it provided 
good growth and seedhead suppression, but on other warm 
season turf species it did not perform as well.
Amidochlor (MON-4621) did not appear to have strong 
activity on warm season turf species. In the one experiment 
with common bermudagrass, seedheads were effectively reduced
63
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when applications were made at early turf greenup, but it 
was not effective when applied later in the growing season.
Glyphosate (Roundup) used as a PGR in low-maintenance 
turf where some injury was tolerated, provided good growth 
reduction and effectively reduced bahiagrass seedheads.
Quinclorac (BAS-514) did not provide effective growth 
retardation or a reduction of seedheads in these 
investigations. Turf injury, particularly on carpetgrass, 
was quite evident and unacceptable.
Sethoxydim (Poast) was very effective in reducing 
seedheads of carpetgrass without serious turf injury. 
Centipedegrass was quite tolerant to high rates of Poast, 
whereas, St. Augustinegrass and bermudagrass were sensitive 
to Poast applications.
The results obtained indicate that sulfometuron (Oust) 
may be used as a herbicide/regulant for roadside turf where 
some injury can be tolerated and weed pressure is high. 
Centipedegrass was found to be very tolerant to Oust.
Results of BAY RSW 0411 applications to carpetgrass and 
zoysiagrass were not very promising. Turf injury was 
minimal but growth responses were also negligible.
Imazapyr (Arsenal) appeared best suited as a long 
residual noncrop herbicide, but may have some potential use 
in suppressing turf growth in low-maintenance areas.
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